Using global fits of valence u and d quark parton distributions and data on quark and nucleon form factors in the Euclidean region, we derive a light-front quark model for the nucleon structure consistent with quark counting rules.
I. INTRODUCTION
The main objective of this paper is to continue our study of a phenomenological light-front wave function (LFWF) for the nucleon started as in Ref. [1] . We derived a LFWF for hadrons both for pions and nucleons which at an initial scale is constrained by the softwall AdS/QCD model, and which at higher scales gives the correct scaling behavior of parton distributions and form factors. The explicit form of the wave function at large scales is extracted from the hard evolution of parton distribution functions (PDFs) and generalized parton distributions (GPDs). The proposed wave function produces form factors consistent with quark counting rules [2] and also gives predictions for the corresponding parton distributions. In our considerations we obtained harder PDFs in comparison with the results of global fits (see e.g. results of Martin, Stirling, Thorne and Watt (MSTW) [3] ). The reason for a softening of the PDFs was discussed in the pion case in Ref. [4] . There it was clearly demonstrated that the inclusion of nextto-leading logarithmic (NLL) threshold resummation effects, due to collinear and soft gluon contributions, leads to a softer pion PDF [4] . This result also shows that we should take into account these resummation effects and derive an improved nucleon LFWF. In Ref. [5] we demonstrate how to derive in the case of the pion a LFWF producing a softer PDF as in Ref. [4] and a pionic electromagnetic form factor consistent with data and quark counting rules. Here we extend this idea to the case of the nucleon. We propose a LFWF for the nucleon modelled as a quark-scalar diquark bound state, with a specific dependence on the transverse momentum k ⊥ and the light-cone variable x. This LFWF produces PDFs for valence u-and d-quark found in the global fits of Ref. [3] . It also describes the electromagnetic form factors of the nucleon including their flavor decomposition into u and d quark form factors up to values of the momentum transfer squared Q 2 = 30 GeV 2 in the Euclidean region (for recent overview of experimental and theoretical progress in study of nucleon electromagnetic structure see e.g. Refs. [6] - [8] ). It is important to stress that the calculated nucleon electromagnetic form factors are consistent with quark counting rules for large values of Q 2 .
II. LIGHT-FRONT QUARK-DIQUARK MODEL FOR THE NUCLEON
In this section we propose a phenomenological LFWF ψ(x, k ⊥ ) for the nucleon, set up as a bound state of an active quark and a spectator scalar diquark. This LFWF is able to produce the u-and d-quark PDFs derived in the global fits of Ref. [3] and generates electromagnetic form factors of nucleons including their flavor decomposition which are consistent with data.
First we collect the well-known decompositions [9] of the nucleon Dirac and Pauli form factors F N 1,2 (N = p, n) in terms of the valence quarks distributions in nucleons with F q 1,2 (q = u, d), which then are related to the GPDs (H q and E q ) [10] of valence quarks
At Q 2 = 0 the GPDs are related to the quark densities -valence q v (x) and magnetic E q (x) as
which are normalized as
The number of u or d valence quarks in the proton is denoted by n q , and κ q is the quark anomalous magnetic moment.
Next we recall the definitions of the nucleon Sachs form factors G 
where G N M (0) ≡ µ N is the nucleon magnetic moment. The light-front representation [11, 12] for the Dirac and Pauli quark form factors is
Here M N is the nucleon mass, ψ λN λ(x, k ⊥ ) are the LFWFs at the initial scale µ 0 with specific helicities for the nucleon λ N = ± and for the struck quark λ q = ±, where plus and minus correspond to + 1 2 and − 1 2 , respectively. We work in the frame with q = (0, 0, q ⊥ ), and where the Euclidean momentum squared is Q 2 = q 2 ⊥ . As the initial scale we choose the value µ 0 = 1 GeV which is used in the MSTW global fit [3] .
In the quark-scalar diquark model, the generic ansatz for the massless LFWFs at the initial scale µ 0 = 1 GeV
where ϕ
(1) q and ϕ
are the twist-3 LFWFs. They are generalizations of the twist-3 LFWFs found from matching the electromagnetic form factors of the nucleon in soft-wall AdS/QCD [13] - [17] and Light-Front QCD (see detailed discussion in Ref. [1] ). In particular, as result of the matching the following LFWFs have been deduced
where the N (i) q are normalization constants fixed by the conditions of (3). Note that the derived LFWF is not symmetric under the exchange x → 1 − x. This is the case because it was extracted from a matching of matrix elements of the bare electromagnetic current between the dressed LFWF in LF QCD and of the dressed electromagnetic current between hadronic wave functions in AdS/QCD.
which take into account collinear and soft-gluon effects as
These factors lead to softer PDFs, which coincide with the results of the global fit performed e.g. in Ref. [3] . At the same time, the power scaling of electromagnetic form factors for large values of Euclidean momentum squared with Q 2 → ∞ remains the same up to power-scaling breaking corrections ∆ (18) and (20)), which produce fine-tuned fits of the nucleon electromagnetic form factors, i.e. consistent with quark counting rules. The choice of the functions f 
where the parameters η
q , ǫ q and γ q are fixed from the global MSTW analysis of Ref. [3] Table I . 
The scale parameter κ = 350 MeV remains the same as fixed in the analysis of Ref. [1] and used in the analysis for the pion of Ref. [5] . The parameter κ is related to the scale parameter of the background dilaton field providing confinement and is universal for all hadronic wave functions.
The expressions for the quark PDFs read
The ratio c q = N , we slightly change the parameters in the longitudinal factor f q (x). We found that in case of the PDF u v (x) the contribution of the struck quark with negative helicity is negligible. In the case of the PDF d v (x) we slightly change the parameter η [3] .
Expressions for the quark helicity-independent generalized parton distributions (GPDs) H q and E q in the nucleon read
In the following we consider the scaling of the PDFs at large x and form factors at large Q 2 . The q v (x) scale at large x as
For the E q (x) we have the scaling behavior at large x as
Note that in the case of the u-quark PDFs our results are consistent with perturbative QCD [18, 19] . The dquark PDFs have an additional power of 2 in the scaling behavior as required by the global analysis. In the case of the nucleon form factors we get for large Q 2 the behavior
and
Here, the ∆
q and ∆ (2) q are the small corrections encoding a deviation of the Dirac and Pauli quark form factors from the power-scaling laws 1/Q 4 and 1/Q 6 , respectively. These corrections are given in the form
and vanish forη
The last limit is consistent with the Drell-Yan-West duality [20] relating the large-Q 2 behavior of nucleon electromagnetic form factors and the large-x behavior of the structure functions. However, a fine-tuned fit to the electromagnetic form factors requires a deviation of ∆ 
III. RESULTS
Finally, we discuss our numerical results for electromagnetic properties of nucleons. The fit results in values for the magnetic moments in terms of the nuclear magneton (n.m.) and for the electromagnetic radii as shown in Table II , we also show the current data [21] on these quantities. In Figs. 1-7 we present the plots of the Dirac and Pauli form factors for u and d quarks and nucleons. The data in Figs. 1-7 are taken from Refs. [6, 7] . In Figs. 8-13 
IV. CONCLUSION
In conclusion, we want to summarize the main result of our paper. Using global fits of valence u and d quark parton distributions and data on quark and nucleon form factors in the Euclidean region, we construct a light-front quark model for the nucleon structure consistent with model-independent scaling laws -the DYW duality [20] and quark counting rules [2] . Berger et al. [22] ▽ Price et al. [23] △ Hanson et al. [24] Simon et al. [25] × Milbrath et al. [26] Jones et al. [27] ⋆ Dieterich et al. [28] FIG
Herberg et al. [30] ⋄ Ostrick et al. [31] △ Passchier et al. [32] Rohe et al. [33] ⋆ Golak et al. [34] Schiavilla & Sick [35] × Zhu et al. [36] Madey et al. [37] Riordan et al. [38] Punjabi et al. [40] Gayou et al. [41] Ron et al. [42] Puckett et al. [43] △ Puckett et al. [44] Q 2 (GeV 2 ) × Janssens et al. [45] Litt et al. [46] ▽ Berger et al. [22] ⋆ Bartel et al. [47] △ Hanson et al. [24] ⋆
Rock et al. [51] Lung et al. [52] ⋆ Markowitz et al. [53] ▽ Anklin et al. [54] ⊗ Gao et al. [55] ⋄ Bruins et al. [56] × Anklin et al. [57] △ Xu et al. [58] Kubon et al. [59] Xu et al. [60] Lachniet et al. [61] . Data are taken from Refs. [62] .
